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WATERTIGHT DEVICE FOR CONNECTING A TRANSMISSION 
LINE CONNECTOR TO A SIGNAL SOURCE CONNECTOR 



Field Of The Invention: 



The present invention relates generally to electrical connecting devices for use 
^ with coaxial transmission lines, and more specifically to such devices configured to 
prevent water Ingress. 



BACKGROUND AND SUMMARY OF THE INVENTION 



Q Electrical connectors for use in connecting coaxial transmission lines to a variety 

^ of signal sources are known and have been widely used for decades. One particular 
* application of such connectors involves connecting a signal receiving antenna to a 
Oj coaxial transmission line, and one such known communication signal receiving 

arrangement 10 is shown in FIG. 1. Referring to FIG. 1, signal receiving arrangement 
10 includes a tower 12 having an antenna 14 affixed thereto, wherein antenna 14 may 
25 be a dipole, microwave or other known antenna type. A coaxial electrical connector 16 
is connected at one end to a matingly configured electrical connector coupled to 
antenna 14, and at its opposite end to a coaxial transmission line 18. Transmission line 
18 is typically routed to a base station 20 located adjacent to tower 12 where signal 
evaluation and diagnostics are performed before providing the received signal to users 
30 via an output coaxial transmission line 22. 

Connector 16 and antenna 14 each define complementarily or matingly 
configured electrical connection structures such that connector 16 may be electrically 
connected to antenna 14 in a structurally secure manner. An example of one such 
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connector 16 is described in U.S. Patent No. 5.595,502 to Allison, which is assigned to 
the assignee of the present invention, and the disclosure of which is incorporated 
herein by reference. In this embodiment, the electrical connector coupled to antenna 
14 is matingly configured to receive the *502 connector in both an electrically contacting 
5 and structurally secure manner. 

The present invention provides a device for connecting and sealing between a 
coaxial transmission line connector and a signal source connector, wherein the device 
is configured to prevent liquid ingress. 

The present invention further provides for an electrical connector having a liquid 
10 sensor disposed therein producing a signal indicative of the liquid content within the 

p connector. 

O 

^ These and other objects of the present invention will become more apparent 

from the following description of the preferred embodiment. 

'SI " 

•8 

Q 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagrammatic illustration of a known communication signal receiving 
arrangement showing a prior art electrical connector connecting a signal-receiving 
antenna to a coaxial transmission line. 

FIG. 2 is a diagrammatic illustration of a communication signal receiving 
arrangement similar to that of FIG. 1 implementing a device for connecting and sealing 
between the signal receiving antenna connector and the coaxial transmission line 
connector, in accordance with the present invention. 

FIG. 3 is a cross-sectional view of one preferred embodiment of the device of 

FIG. 2. 

FIG. 4 is a cross-sectional view of an alternate embodiment of the device of FIG. 

2^ 

FIG. 5 is a cross-sectional view of another alternate embodiment of the device of 

FIG. 2. 

FIG. 6 is a cross-sectional view of a variant of the device of FIG. 2 configured for 
in-line electrical connection between two coaxial transmission lines. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 



For the purposes of promoting an understanding of the principles of the 
invention, reference will now be nnade to a number of preferred embodiments illustrated 
5 in the drawings and specific language will be used to describe the same. It will 

nevertheless be understood that no limitation of the scope of the invention is thereby 
intended, such alterations and further modifications in the illustrated embodiments, and 
such further applications of the principles of the invention as illustrated therein being 
contemplated as would normally occur to one skilled in the art to which the invention 

10 relates. 

u 

Q Referring to FIG. 2, a communications signal receiving arrangement 10*, similar 

Q 

^ to arrangement 10 show in FIG. 1, implementing a device 100 for connecting and 
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sealing between an electrical connector of antenna 14 and transmission line connector 



M 16, In accordance with the present invention, is shown. Signal receiving arrangement 

m 

^15 10' is similar in many respects to arrangement 10 illustrated in FIG. 1, and like numbers 
^ are therefore used to identify like elements. As with arrangement 10, signal receiving 
arrangement 10' includes a tower 12 having an antenna affixed thereto, wherein 
antenna 14 may be a dipole, microwave or other known antenna type. In the 
embodiment shown in FIG. 2, the device 100 of the present invention is connected at 
20 one end to an electrical connector coupled to antenna 14, and at its opposite end to a 
coaxial transmission line connector 16 that is itself electrically coupled to a transmission 
line 18. Transmission line 18 is routed to a base station 20 located adjacent to tower 
12, where signal evaluation and diagnostics are performed before providing the 
received signal to users via an output coaxial transmission line 22. Optionally, as 
25 shown in phantom in FIG. 2, a diagnostic signal line 186 may also be electrically 
connected between device 100 and base station 20. 

Referring now to FIG. 3, a cross sectional view of one preferred embodiment of 
the device 100 of FIG. 2, in accordance with the present invention, is shown. Device 
100 includes an elongated hollow outer conductor 102 with an elongated inner 
30 conductor 104 disposed therein. A first hollow, electrically conductive end piece 106 is 



8392-69554 



affixed, and electrically connected, to one end of the outer conductor 102. End piece 
106 defines a channel 105 therein adjacent to the interface with outer conductor 102, 
and a flexible sealing member 108 is disposed within channel 105 to form a water tight 
or hermetic seal between outer conductor 102 and conductive end piece 106 when end 
5 piece 106 is affixed thereto. In one embodiment, flexible sealing member 108 is an O- 
ring formed of a silicon-based rubber or similar material, although the present invention 
contemplates that sealing member 108 may alternatively be formed in other shapes 
and of other suitable materials. 

A second hollow, electrically conductive end piece 1 10 is affixed, and electrically 
10 connected, to an opposite end of outer conductor 102. Like end piece 106, end piece 
2 110 defines a channel 1 1 1 therein adjacent to the interface with outer conductor 102. A 
Q sealing member 1 12 is disposed within channel 1 1 1 and creates a water tight or 
Sj hermetic seal between end piece 110 and outer conductor 102 when end piece 1 10 is 
^1 affixed thereto. Like sealing member 108, sealing member 112 may be a flexible 0-ring 
fls formed of a silicon-based mbber or other material having similar properties, although 

s 

Q the present invention contemplates that sealing member 112 may alternatively be 

fy 

P formed in other shapes and of other suitable materials. 

£ Inner conductor 104 defines a step 130 to a cross-sectionally wider portion 132, 

W and outer conductor 102 defines a similar step 140 to a cross-sectionally wider portion 
20 142. A first electrical insulator 150 is positioned between the outer conductor 102 and 
the inner conductor 104 with one end thereof in contact with stepped portions 130 and 
140 of inner conductor 104 and outer conductor 102 respectively. An opposite end of 
insulator 150 is in contact with face 107 of end piece 106 such that insulator 150 is 
confined in the position shown in FIG. 3 by steps 130 and 140 of inner conductor 104 
25 and outer conductor 102 respectively, and face 107 of end piece 106. In one 

embodiment, electrical insulator 150 is formed of TPX or PTFE. although the present 
invention contemplates that insulator 150 may alternatively be formed of other known 
electrically insulating materials. The outer surface of insulator 150 defines a channel 
152 therein extending completely around an outer periphery of insulator 150 in a 
30 direction perpendicular to the longitudinal axis of connector 100. A sealing member 
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154 is disposed within channel 152 in contact with insulator 150 and outer connector 
102 such that it creates a water tight or hermetic seal therebetween. The inner surface 
of insulator 150 defines a second channel 156 therein extending completely around an 
inner periphery of the insulator 150 in a direction perpendicular to the longitudinal axis 
5 of connector 100. A second sealing member 158 is disposed within channel 156 in 
contact with inner conductor 104 and insulator 150 such that it creates a watertight or 
hermetic seal therebetween. In one embodiment, sealing members 154 and 158 are O- 
rings formed of a silicon-based rubber or other material having similar properties, 
although the present invention contemplates that sealing members 154 and 158 may 
10 alternatively be formed in other shapes and of other suitable materials, 
a Inner conductor 104 defines another step 134 to cross-sectionally wider portion 

^ 132 and outer conductor 102 defines an adjacent step 144 to cross-sectionally wider 
U portion 142 as shown in FIG. 3. A second electrical insulator 160 is positioned between 
S the outer conductor 102 and the inner conductor 104 with one end of insulator 160 in 
sT5 contact with steps 134 and 144 of inner conductor 104 and outer conductor 102 

a 

5| respectively. An opposite end of insulator 160 is in contact with face 1 15 defined by 
O end piece 110 such that insulator 160 is confined in the position shown in FIG. 4 by 
steps 134 and 144 of inner conductor 104 and outer conductor 102 respectively, and 
face 1 15 of end piece 110. As with electrical insulator 150, insulator 160 is formed of 
20 TPX or PTFE, although the present invention contemplates that Insulator 160 may 
alternatively be formed of other known electrically insulating materials. 

An outer surface of insulator 160 defines a first channel 162 therein extending 
completely around an outer periphery of insulator 160 in a direction perpendicular to the 
longitudinal axis of connector 100. A sealing member 164 is disposed within channel 
25 162 in contact with insulator 160 and outer conductor 102 to create a water tight seal 
therebetween. The inner surface of insulator 160 defines a second channel 166 therein 
extending completely around the inner periphery of insulator 160 in a direction 
perpendicular to the longitudinal axis of connector 100. A sealing member 168 is 
disposed within channel 166 in contact with inner conductor 104 and insulator 160 to 
30 create a water tight or hermetic seal therebetween. As with sealing members 1 54 and 
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158, sealing members 164 and 168 are in one embodiment formed of a silicon-based 
rubber or other material having similar properties, although the present invention 
contemplates that sealing members 164 and 168 may alternatively be formed in other 
shapes and of other suitable materials. 
5 While insulators 150 and 160 are illustrated in FIG. 3 as each defining single 

channels in their outer peripheries and single channels in the inner peripheries, it is to 
be understood that the inner and/or outer peripheries of each of insulators 150 and 160 
may alternatively define any number of channels therein with suitable sealing members 
disposed within such channels to create additional water tight or hermetic seals 
M> between insulators 150 and 160 and the outer and inner conductors 102 and 104 
0 respectively. Alternatively, the channels defined in the inner and outer peripheries of 

fi each of the insulators 150 and 160 may be omitted, and the sealing members 154, 158, 

SI 

44 164 3nd 168 rep[aced with a suitable adhesive or other formable medium operable to 

^1 hermetically seal Insulators 150,160 to the outer and inner conductors 102 and 104 

?15 respectively. In any case, the outer and inner conductors 102 and 104 respectively of 

9 

Hj connector 100 define an open cavity 138 therebetween which extends between 

if?] 

insulator 150 and insulator 160. 
p One end 1 18 of the inner conductor 104 extends away from the insulator 160 

iftJ 

toward one end 116 of the end piece 110. The insulator 160, end piece 110 and inner 
20 conductor 102 define a cavity 38 therebetween adjacent end 1 16. A portion 1 14 of end 
piece 1 10 is threaded adjacent end 116, and is configured to receive in threaded 
engagement a complementarily threaded portion of a transmission line connector 16. 
End 1 18 of inner conductor 104 also defines a cavity 36 therein that is sized to receive 
in electrically contacting relationship one conductor of transmission line connector 16, 
25 wherein the transmission line connector 16 may be of the type described U.S. Patent 
No. 5,595,502, previously incorporated herein by reference. End 1 18 of inner 
conductor 104, cavity 38 and end piece 1 10 thus define a signal output of device 100 
that is, in one embodiment, identical to an electrical connector coupled to antenna 14 
so that the signal output end of device 100 may be readily connected to transmission 
30 line connector 16. It is to be understood, however, that the present invention 
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contemplates other structural configurations of the signal output end of device 100, and 
such other structural configurations are intended to fall within the scope of the present 
invention. 

The opposite end 120 of the inner conductor 104 extends away from insulator 
150 toward end 109 of end piece 106. Insulator 150, inner conductor 104 and end 
piece 106 define cavity 60 therebetween adjacent end 109 of end piece 106. A 
coupling nut 64 is received over end 109 of end piece 106 with a retaining ring 66 
disposed therebetween. In this embodiment, an inner surface 65 of coupling nut 64 is 
threaded, and is configured to receive in threaded engagement a complementarily 
threaded portion of an electrical connector coupled to antenna 14. A sealing member 
67 is disposed between the coupling nut 64 and end piece 106 in contact with surface 
103 of end piece 106, and may be formed identically as described hereinabove with 
respect to sealing members 108 and 112. In one embodiment, sealing member 67 is a 
flexible O-ring having an outer diameter sized slightly less than the distance between 
coupling nut 64 and end piece 106 such that electrical connection between an electrical 
connector coupled to antenna 14 and device 100 deforms member 67 sufficiently to 
create water tight or hermetic seal between coupling nut 64 and end piece 106. 

End 120 of inner conductor 104, cavity 60, end piece 106 and coupling nut 64 
thus define a signal input of device 100 that is, in one embodiment, configured identical 
to the electrical connector 16 so that the signal input end of device 100 may be readily 
connected to a matingly configured electrical connector coupled to antenna 14. It is to 
be understood, however, that the present invention contemplates other structural 
configurations of the signal input end of device 100, and such other structural 
configurations are intended to fall within the scope of the present invention. 

From the foregoing, it should now be apparent that device 100 is configured at 
each of its signal input and signal output ends identically to the corresponding terminal 
structures an existing transmission line connector 16 and antenna 14 respectively, such 
that device 100 may be easily and readily installed therebetween. Such an installation 
simply requires unthreading the existing transmission line connector 16 from the 
matingly configured electrical connector coupled to antenna 14. threading the coupling 
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nut 64 onto the now-exposed antenna electrical connector and threading the 
transmission line connector 16 onto end piece 110. Device 100 is configured to prevent 
water ingress from the signal input end thereof, or from outside of device 100, into the 
signal output end thereof, as well as water ingress from the signal output end thereof, 
5 or from outside of device 1 00, into the signal input end thereof. Water or moisture 
directed from antenna 14 into the cavity 60 of device 100 is accordingly prevented from 
seeping into cavity 38 and/or transmission line 18. It is to be understood that while the 
signal input and output ends of device 100 have been illustrated and described as 
having specific electrical and mechanical connection structures, such structures are 
10 provided only by way of example to illustrate connection to one known structure of an 
p electrical connector coupled to antenna 14 and transmission line connector 16. The 

O present invention contemplates that device 100 may alternatively be configured for 

W 

SJ connection between other known configurations of the electrical connector coupled to 

^ antenna 14 and transmission line connector 16, and any corresponding modifications to 

% the signal input and output ends of device 100 that are required to accommodate such 

0 alternate antenna 14 and transmission line 16 connector structures are intended to fall 

ai 

p within the scope of the present invention. 

% Referring now to FIG. 4, a cross-sectional view of an alternate embodiment 100' 

ry of the device 100 illustrated in FIG. 2, in accordance with the present invention, is 
20 shown. Device 100' is identical in many respects to device 100 illustrated in FIG. 3, and 
like numbers will therefore be used to identify like elements. Unlike device 100, device 
100' includes only a single electrical insulator 150' disposed between outer conductor 
102' and inner connector 104'. In this regard, inner conductor 104' defines a first step 
130' adjacent cavity 60 and a second step 134' adjacent cavity 38. Insulator 150' is 
25 confined in the position shown in FIG. 4 by channels 130* and 134' of inner conductor 
1 04', and by face 1 07' of end piece 1 06' and face 1 1 5' of end piece 110'. In one 
embodiment, an outer surface of insulator 105' defines a first channel 152' therein 
extending completely around the outer periphery of insulator 150' in a direction 
perpendicular to the longitudinal axis of connector 100'. A sealing member 154' is 
30 disposed within channel 152' in contact with electrical insulator 150' and outer 
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conductor 102' to form a water tight or hermetic seal therebetween. Similarly, the inner 
surface of insulator 150* defines a second channel 156' therein extending completely 
around the inner periphery of insulator 150* in a direction perpendicular to the 
longitudinal axis of connector 100'. A second sealing member 158' is disposed with in 
5 channel 156' in contact with insulator 150' and inner conductor 104' to create a water 
tight or hermetic seal therebetween. Material choices for electrical insulator 150" and 
sealing members 152' and 158' are as described with respect to FIG. 3. 

While insulator 150' is illustrated in FIG. 4 as defining a single channel in its 
outer periphery and a single channel in its inner periphery, it is to be understood that 
10 the inner and/or outer peripheries of insulator 1 50' may alternatively define any number 
^ of channels therein with suitable sealing members disposed within such channels to 
P create additional water tight or hermetic seals between insulator 1 50' and the outer and 
SJ inner conductors 102' and 104' respectively. Alternatively, the channels defined in the 
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inner and outer peripheries of the insulator 150' may be omitted, and the sealing 
members 154' and 158' replaced with a suitable adhesive or other formable medium 
operable to hermetically seal insulator 1 50' to the outer and inner conductors 102' and 
1 04' respectively. 

Referring now to FIG. 5, a cross-sectional view of another alternative 
nj embodiment 100" of the device 100 shown in FIG. 2, in accordance with the present 
20 invention, is shown. Device 100" is identical in many respects to device 100 shown 
and described with respect to FIG. 3, and like numbers will therefore be used to identify 
like elements. In device 100", end piece 106" is elongated beyond that illustrated in 
' FIG. 3, such that cavity 60 is likewise elongated. In this embodiment, end piece 106" 
defines a passageway 180 extending therethrough to cavity 60. A liquid sensor 182 of 
25 known construction is received within the passageway 180, and in one embodiment it 
extends into cavity 60. Alternatively, sensor 182 may be recessed within passageway 
180. In either case, liquid sensor 182 is in fluid communication with cavity 60. Liquid 
sensor 182 is electrically connected to a signal monitor 184 via signal path 186 (as 
shown in phantom in FIG. 2). In one embodiment, liquid sensor 182 is a moisture 
30 sensor of known construction and operable to produce a signal on signal path 186 
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indicative of the moisture content within cavity 60. Alternatively, liquid sensor 182 may 
be a liquid level sensor of known construction and operable to produce a signal on 
signal path 86 indicative of the liquid level with in cavity 60. In general, liquid sensor 
182 is thus operable to produce a signal on signal path 86 indicative of liquid intrusion 
into cavity 60, and in this regard sensor 182 may be any known sensor operable to 
provide such information to signal monitor 184. In one embodiment, signal monitor 184 
is located within the base station 20 (see FIG. 2), although the present invention 
contemplates that signal monitor 184 may be located adjacent to device 100", mounted 
to tower 12, or positioned at any desirable location adjacent or remote to device 100". 
In any case, signal monitor 184 may be of known construction and operable to monitor 
the signal on signal path 186 and activate an alarm 185 when the signal produced by 
sensor 182 is above a signal threshold, which is indicative that the liquid content within 
cavity 60 is above a liquid threshold. Alarm 185 may be integral with, or remote from, 
signal monitor 184. 

While device 100" is illustrated in FIG. 5 as having a liquid sensor 182 disposed 
in fluid communication with cavity 60, those skilled in the art will recognize that 
passageway 180 may alternatively defined through outer conductor 102" such that 
sensor 182 is in fluid communication with cavity 138, and/or end piece 110 may be 
elongated similarly to end piece 106" with passageway 180 defined therethrough such 
that liquid sensor 182 is disposed in fluid communication with cavity 38. One or more 
liquid sensors 182 may thus be implemented with device 100" to thereby monitor the 
liquid content of any one or more of cavity 60, cavity 138 and cavity 38. Additionally, 
while device 100" is illustrated in FIG. 5 as including two electrical insulators 150 and 
160 and associated sealing members 154, 158, 164 and 168, those skilled in the art will 
recognize that device 100" may alternatively be configured with a single electrical 
insulator as illustrated and described hereinabove with respect to FIG. 4. 

In any of the embodiments of the device of the present invention illustrated in 
FIGS. 3, 4, and 5, end piece 110 and end 118 of inner conductor 104 (or 104' or 104") 
define a signal output of the device that is configured for electrical connection to a 
coaxial transmission line connector 16 as described hereinabove. End piece 106 (or 
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106' or 106"). end 120 of inner conductor of 104 (or 104' or 104") and coupling nut 64, 
by contrast, define a signal input of the device of the present invention that is 
configured for electrical connection to an electrical connector coupled to antenna 14 as 
described hereinabove. However, the present invention further contemplates that the 
5 signal input end of the device of the present invention may alternatively be configured 
for electrical connection to other signal sources. For example, referring to FIG. 6, a 
cross-sectional view of a variant 100'" of the device 100 of FIG. 2, in accordance with 
the present invention, is shown. Variant 100"' is identical in many respects to device 
100 illustrated in FIG. 3, and like reference numbers will therefore be used to identify 
10 like elements. Unlike device 100 of FIG. 3, however, end piece 106 of device 100'" is 
^ replaced by an end piece 110 identical to end piece 1 10 forming the signal output end 

Q of the device 1 00. Likewise, the end 1 1 8' of inner conductor 1 04" defines a cavity 36 

ff! 

\i Jherein identical to cavity 36 of device 100 within end 1 18 of inner conductor 104"' 

t^j defining the signal output end of device 100"'. In this embodiment, end 1 16' of end 
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piece 110 and end 1 18' of inner conductor 104'" thus define a cavity 38 identical to 
cavity 38 of the signal output end of device 1 1 0"'. The signal input and signal output 
ends of device 110'" are thus structurally identical, and device 110"' may accordingly be 
^ used in-line anywhere along transmission lines 18 or 22 (see FIG. 2) as a transmission 
ry line coupling connector. 

20 As shown in phantom in FIG. 6, outer conductor 102 may define a passageway 

180 therethrough extending into channel 138 such that a liquid sensor 182 may be 
received within passageway 180 to monitor the liquid content of cavity 138 as described 
hereinabove with respect to FIG. 5. Additionally or alternatively, either of the end 
pieces 1 10 forming the signal input and signal output ends of device 100'" may be 

25 elongated such that a passageway 180 may be defined therethrough extending into 
either cavity 38, wherein a liquid sensor 182 may be disposed in fluid communication 
with cavity 38 at either the signal input end or signal output end of device 100"'. Liquid 
content monitoring of any one or more of cavity 138 and cavities 38 defining each of the 
signal input and signal output ends of device 100'" may thus be accomplished. It 

30 should further be understood that while device 100'" of FIG. 6 is illustrated as including 
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two electrical insulators 150 and 160, with corresponding sealing members 154, 158. 
164 and 168, such insulators 150 and 160 may alternatively be replaced by a single 
insulator 150' and corresponding sealing members 154' and 158* as illustrated and 
described hereinabove with respect to FIG. 4. 
5 From the foregoing, it should now be apparent that device 100'" is configured 

identically at each of its signal input and signal output ends in a manner that is 
complementary to the terminal structure of existing transmission line connector 16 such 
that device 100"' may be easily and readily installed in-line between two such 
connectors 16. Device 100"' is configured to prevent water ingress from the signal 
10 input end thereof, or from outside of device 100"', into the signal output end thereof, as 
2 well as water ingress from the signal output end thereof, or from outside of device 
^ 100'", into the signal input end thereof. Device 100"' may accordingly be used as an in- 
N line connection device to prevent the transfer of water or moisture between connectable 

ends of a coaxial signal transmission line. It is to be understood that while the signal 
ys Input and output ends of device 100'" have been illustrated and described as having 
Q specific electrical and mechanical connection structures, such structures are provided 
Q only by way of example to illustrate connection to one embodiment of a known 

Q transmission line connector 16 structure. The present invention contemplates that 

n\ 

device 100"' may alternatively be configured for connection between other known 
20 transmission line connector 1 6 terminal structures, and any corresponding modifications 

to the signal input and output ends of device 100'" that are required to accommodate 

such alternate transmission line 16 terminal stmctures are intended to fall within the 

scope of the present invention. 

While the invention has been illustrated and described in detail in the foregoing 
25 drawings and description, the same is to be considered as illustrative and not restrictive 

in character, it being understood that only preferred embodiments thereof have been 

shown and described and that all changes and modifications that come within the spirit 

of the invention are desired to be protected. 



